A bacterium isolated from desert tortoises fits the major criteria for inclusion in the genus Pasteurella (gram-negative, nonmotile, pleomorphic rods that are facultatively anaerobic, fermentative in their attack on various carbohydrates, and catalase, nitratase, and oxidase positive). Tests performed for identifying this organism to the species level produced results that fit none of the currently accepted species of Pasteurella. This organism did not hydrolyze urea but did produce indole from tryptophane, hydrolyze o-nitrophenyl-P-D-galactopyranoside, and lyse sheep erythrocytes in agar. It fermented a variety of carbohydrates, producing acetic, lactic, propionic, and succinic acids as a result of glucose fermentation. All strains were highly susceptible to ampicillin (10.5 bg/ml), and most strains were susceptible to penicillin (11 pg/ml); the susceptibilities to tetracycline, streptomycin, and sulfonamides were variable. Serological tests revealed antigenic heterogeneity and suggested the presence of heat-extractable surface antigens in some strains. Mice succumbed to intranasal and intraperitoneal inoculations of large numbers of some of the strains. The guanine-plus-cytosine content of the deoxyribonucleic acid was between 46 and 47 mol%. The Analytab Products API 20E bacterial identification system could not identify some strains of this organism. Other strains were identified as Pasteurella multocida or Aeromonas hydrophila at probability levels ranging from 1 :69 to 1 :>lo6. Species status is proposed for these isolates under the name Pasteurella testudinis sp. nov. The type strain of this species is strain UCD 90-23-79n (= ATCC 33688).
The genus Pasteurella currently is comprised of the following four species: Pasteurella multocida, Pasteurella haemolytica, Pasteurella ureae, and Pasteurella pneumotropica (27) . To date, members of this genus have been isolated primarily from mammals and birds (4).
Within the last 15 years, reports of recovery of pasteurellae from poikilotherms have been increasing. Reichenbach-Klinke and Elkan (22) reported the isolation of P . haemolytica from cases of ulcerative stomatitis in reptile collections, and P . multocida was cultured from a pneumonic lung of an alligator that died after foreign body penetration of the stomach and resulting peritonitis (15). Pasteurella strains (species not given) have also been isolated from reptilian and amphibian abscesses (12, 16) and have been included on lists compiled by various investigators cataloging gram-negative bacteria associated with various infections (such as pneumonia and stomatitis) in reptiles (13, 31).
Recently, during the course of a bacteriological survey of the California desert tortoise (Gopherus agassizi), Snipes et al. isolated a bacterium that met the generic criteria of Pasteurella but did not correspond to any known species (29) . This Pastewella-like organism was cultured from captive tortoises displaying clinical signs of respiratory disease, from healthy captive tortoises, and from free-ranging tortoises from the Mojave Desert in southern California. The sources of the isolates from clinically ill tortoises included tracheal washes, pneumonic lung and stomatitic lesions, and oral and cloacal swabs. The bacterium was cultured from oral and cloacal swabs of healthy captive tortoises and from oral swabs and a tracheal wash of freeranging tortoises in the desert.
Among the major criteria for assigning a bacterium to the genus Pasteurella are the following characteristics: gram-negative, nonmotile, pleomorphic rods that are facultatively anaerobic, fermentative in their attack on various carbohydrates, and oxidase, nitratase, and usually catalase positive (27) . The isolates recovered from tortoises possessed these characteristics.
Members of Pasteurella are identified to species mainly on the basis of their ability to catabolize urea, produce indole from tryptophane, lyse erythrocytes in agar, grow on MacConkey agar, and hydrolyze ortho-nitrophenyl-P-D-galactopyranoside (ONPG).
The closely related genus Actinobacillus consists of nonmotile, gram-negative rods that reduce nitrates, hydrolyze ONPG and urea, grow on MacConkey agar, and do not produce indole (19) . The tortoise isolates fail to meet two of these criteria, as they are urease negative and indole positive (Table 1) . Therefore, we presumptively placed them in the genus Pastewella and because of their hemolytic activity on blood agar, designated them indole-positive, hemolytic pasteurellae (IPHP). They were characterized further with regard to their physical, biochemical, and serological properties and with regard to their pathogenicity in mice.
MATERIALS AND METHODS
Bacterial strains. The designations and the origins of the strains used in this study are shown in Table 2 . Biochemical characterization. Initially, all of the gram-negative isolates from tortoises were categorized by their reactions in triple sugar iron agar, Christensen urea agar, and sulfur indole motility medium, and by their cytochrome c activity (oxidase test). Bacteria displaying the following characteristics were referred to as IPHP: triple sugar iron agar reaction, acid in slants and butts and no gas produced (7); no hydrolysis of urea in Christensen urea medium (7); no evidence of H2S production in sulfur indole motility medium (7); nonmotile in sulfur indole motility or Gillies motility medium (7); indole positive in sulfur indole motility medium or tryptose broth (7); oxidase positive with the tetramethyl-p-phenylenediamine, dihydrochloride reagent (19); catalase positive (5); ONPG positive (6); colonies were rnucoid, clear to white, hemolytic on 5% sheep blood agar but not in blood broth, and 1 mm in diameter after 48 h; no growth on Simmons citrate (7); nitrate reduced to nitrites (7); and facultatively anaerobic as determined by the GasPak generator system (2).
Strains meeting these criteria were subjected to a battery of additional carbohydrate fermentation tests for further elucidation of their relationships to each other and to other related bacteria. The basal test medium (10 g of peptone per liter, 4 g of beef extract per liter, 5 g of sodium chloride per liter, 0.016 g of bromcresol purple per liter) was adjusted to pH 7.6 before it was autoclaved at 15 lb/in2 for 15 min. Filtered-sterilized, 10% (wt/vol) substrate solutions were added to give final concentrations of 1%. Table 3 lists these tests and their results. All carbohydrate media were incubated at 37°C for 10 days before negative results were accepted as such.
API 2OE test strips. Saline suspensions of the organisms were inoculated onto commercially prepared rapid bacterial identification strips (API 20E system; Analytab Products, Plainview, N.Y.). Each strip allowed the performance of 23 standard biochemical tests that are useful in the identification of the Enterobacteriaceae and other gram-negative bacteria (28). The directions of the manufacturer were followed for inoculation, reading, and interpretation of results.
Growth curyes. The growth curves of broth cultures All strains were isolated from desert tortoises (G.
of two different IPHP strains were determined; 0.01 ml agassizi) .
of a saline bacterial emulsion standardized to an (17) . Antimicrobial agent susceptibility patterns. The susceptibilities of 13 strains to penicillin, ampicillin, tetracycline, streptomycin, and sulfonamides were determined by the method of Washington and Sutter (32) .
Serology. Antiserum to one of the IPHP strains (strain SpmtA, which was isolated from the trachea of a dead tortoise) was prepared by immunizing a rabbit with a 24-h-old broth culture inactivated by adding Formalin to a firial concentration of 0.5%. The schedule used for immunization was that described by Edwards and Ewing for preparing antiserum against Klebsiellu pneumoniae (8). The serological tests performed to compare the relatedness of biochemically similar strains of IPHP were divided into the following two groups: direct tube agglutination and indirect hemagglutination (IHA) tests.
(i) Direct tube agglutination. All tube agglutination trials were performed in test tubes (13 by 100 mm); the serum was diluted up to 15,000.
The following antigen preparations were used in the direct agglutination tests: 24-h-old brain heart infusion broth cultures inactivated by adding Formalin to a final concentration of 0.5%; bacterial saline suspensions from 24-to 48-h-old sheep blood agar plate cultures adjusted to densities intermediate between the densities of McFarland nephelometer tubes 2 and 3; boiled brain heart infusion broth culture (heated at 100°C for 1 h) cell residue suspensions adjusted to McFarland densities between 2 and 3; and autoclaved brain heart infusion broth culture (autoclaved at 120°C for 2 h) cell residue suspensions with densities adjusted as described above.
All tube agglutination test mixtures were incubated in a 52°C water bath overnight. Standard controls were included.
Adsorbed antiserum was prepared by mixing packed, washed cells from 10 sheep blood agar plates with 1.5 ml of antiserum and incubating the mixture for 1 h at 50°C. The tube was then centrifuged for 20 min at 5,900 x g, and the serum was collected.
(10 IHA tests. All IHA assays were performed with bovine erythrocytes. Basic antigen preparation was performed by following the method described by Biberstein for the typing of P . haernolytica (3). Supernatants from the boiled and autoclaved broth culture cell residues used in the direct tube agglutination assays were also used in an attempt to sensitize the bovine erythrocytes for IHA. IHA tests were performed in microtiter trays by previously described methods; two-fold dilutions of serum ranging from 1:lO to 1:20,480 were used (3). Standard controls were included.
The erythrocytes in the IHA tests were treated with the following preparations: untreated supernatant from a broth culture of strain 5pmtA; supernatant from a broth culture of strain 5pmtA that had been boiled at 100°C for 1 h before removal of cells by centrifugation; supernatant from a broth culture of strain SpmtA that had been autoclaved at 120°C for 2 h before centrifugation of the cells; and supernatants from 13 other strains of IPHP that had been boiled at 100°C treated for 1 h before removal of cells by centrifugation. Test mixtures were incubated in a 37°C water bath with occasional shaking and were read after 60 min. Hemagglutination was read simply as positive or negative, and the highest dilution that produced a positive result was recorded.
(iii) Attempted typing of IPHP from tortoises with P. luremolytica typing sera. Erythrocytes treated with extracts of 14 strains of IPHP were exposed to antisera specific for P . huemolytica serotypes 1 through 12.
These IHA tests were performed and read by the method described by Biberstein for using the microtiter system, with the following exception: modified bovine erythrocytes were prepared by exposure to a supernatant from a broth culture that had been heated at 100°C for 60 min instead of 56°C for 30 min (3). We knew that heating at the higher temperature would facilitate reactivity of this particular bacterium, as judged by previous experiments.
Mouse pathogenicity. In a preliminary experiment to determine the pathogenicity of the IPHP for laboratory mice, 10 adult Swiss-Webster mice were inoculated intraperitoneally with 0.5-ml portions of an overnight broth culture (approximately 2.7 x lo9 cells of a strain isolated from the trachea of a dead tortoise per ml). Controls (three each) were inoculated intraperitoneally with 0.5-ml portions of Formalin-killed broth cultures. Necropsies were performed on mice that died, and cultures were taken from the heart, liver, lungs, peritoneum, and brain of each mouse.
Subsequently, ' four other adult C-57 mice were inoculated intranasally with 0.2-ml portions of a broth culture containing approximately 4 x lo7 bacteria per ml. Necropsies were performed on mice that died, and heart, brain, lung, and liver cultures were taken. Two control mice received a Formalin-killed broth culture.
We attempted to determine the 50% lethal dose of this bacterium in laboratory mice. In our trial, a broth culture initially containing approximately 2 x lo9 bacteria per ml was diluted in five-fold steps up to a dilution of 1:3,125, and 0.5-ml portions of each dilution were inoculated intraperitoneally into five mice. The mice were observed for 4 days. Necropsies were performed on mice that died, and appropriate cultures were taken. Three control animals were also inoculated with undiluted Formalin-killed broth cultures.
DNA base compositiw. Chromosomal deoxyribonucleic acid (DNA) samples of two IPHP strains (strains Spmta and 90-23-7911) were obtained and purified as described by Elwell et al. (9) . The buoyant density of the DNA was determined, and the guanine-plus-cytosine (G+C) content was calculated from the buoyant density by the method of Schildkraut et a]. (23) .
Determination of fermentation products. The glucose fermentation products were identified by using an Anaerobic Bacteriology Analyzer gas chromatograph (Dohrman, Mountain View, Calif.). The conditions of analysis were as follows: thermal conductivity detector, 85 mA; detector and column temperature, 130°C; injection temperature, 145°C: stainless steel column (182.9 by 0.64 cm) packed vith 100-to 120-mesh Chromosorb W,AW (Johns-M mville, Denver, Colo.); stationary phase, 10% SP 10~~0-1% phosphoric acid (Supelco Co., Bellefonte, Pa. helium flow rate, 120 cm3/min. Ether and chlorofoi extractions on 5-dayold peptone yeast extract glu: lse broth cultures were performed by the method of Holdeman and Moore Table 3 shows the results of carbohydrate fermentation tests performed with 19 IPHP isolates and 17 substrates. All of these strains fulfilled the criteria for the genus Pasteureffa in that they were nonmotile, oxidase-positive, fermenting, facultative anaerobes. All were hemolytic on sheep blood agar, reduced nitrates to nitrites, evolved indole from tryptose broth, and produced acidity from glucose. They uniformly failed to grow on Simmons citrate agar and to produce acid from glycerol and inulin. The majority showed pgalactosidase activity (15 of 19 isolates) and grew on MacConkey agar (12 of 19). There was little uniformity with regard to carbohydrate fermentation among the strains; only two strains (strains DoA and 5aB) had identical patterns. Table 4 shows the IPHP fermentation behavior along with the expected reactions of P.
RESULTS

Biochemical characterization.
multocida and two biovars of P . haemolytica. These data suggest no clear relationship to either one of these species. It may be worthwhile to point out that, as with P . haernolytica, fermentation of both trehalose and arabinose never occurred in the same strain (Table 1) . API 20E test strips. Table 5 shows the results of attempts to use the API 20E system for identifying the IPHP strains.
There was reasonable uniformity in the results of tests that were not based on carbohydrate fermentation, but variation occurred between strains with regard to fermentation of many of the carbohydrates. Glucose, mannitol, and sucrose were the only three sugars which were attacked uniformly with resulting acid production. There were also discrepancies between the results obtained with the API 20E test system and those obtained with conventional biochemical tests. For example, isolate 40D was ONPG positive when it was tested in the conventional manner but negative in the API strip test. Isolate 70A produced indole in tryptose broth but not in the API strip test.
The Analytab Products computer service provided Pasteureffa as the most frequently encountered diagnosis of the IPHP strains. P . Antimicrobial agent susceptibility patterns. Table 6 shows the results of antibiotic susceptibility assays for 13 isolates of IPHP. These isolates were susceptible to ampicillin and penicillin (most minimal inhibitory concentrations, 50.250 pg/ml); similar values were obtained for all of the isolates. The majority of the isolates tested were fairly resistant to tetracycline (minimal inhibitory concentration, 8 to 16 pg/ml), and 7 of 13 isolates were moderately susceptible to streptomycin (50 pg/ml). The results with the sulfonamides were variable.
Serology. (i) Direct tube agglutination. Table 7 shows the overall results of the agglutination tests for the 13 strains tested.
The agglutination tests involving antiserum prepared against one strain of IPHP (strain SpmtA) and antigens derived from 13 other IPHP isolates revealed four isolates which agglutinated with a titer of 1 5 0 or more. The homologous titer was 1500. Seven of the 13 strains did not react at all, and all controls were negative.
When the cross-agglutination test was repeated with antigens that had been boiled at lOO"C, six strains reacted with a titer of 1500 or more. The homologous titer with the boiled antigen was 1:1,0oO. In this experiment, only one isolate failed to react with serum against strain SpmtA. The titers of the previously reactive strains increased (Table 7 ). All controls were negative. When the homologous titer was checked with autoclaved antigen (120°C for 2 h) derived from the homologous strain, a titer of 1500 was observed. In light of similar titers obtained after boiling and autoclaving of the homologous antigen, further tests on heterologous antigens were performed after boiling only. The four heterologous antigens which the antiserum agglutinated at a titer of 1 5 0 without boiling and the homologous strain antigen were tested further to examine the extent of antigenic similarity among these five isolates. After adsorption of the antiserum with one of the heterologous strains (strain 90-23-79n), the heterologous cross-reacting strains and the homologous strain failed to react with the adsorbed antiserum (Table 7) .
(ii) IHA. The IPHP isolates were generally unreactive in the IHA tests. Erythrocytes treated with an unheated bacterial culture did not react with the homologous antiserum. When a culture was boiled for 1 h before being used for sensitizing erythrocytes, and IHA titer of 1:80 was obtained. The only strain other than strain SpmtA capable of sensitizing erythrocytes for IHA by strain SpmtA serum was strain 5oD, which had been isolated antemortem from the oral cavity of the same tortoise as strain 5pmtA.
Autoclaving the cultures before attempts to sensitize erythrocytes failed to produce active preparations.
All controls were negative.
(iii) P. huemolyticu typing sera. When erythrocytes treated with boiled IPHP cultures were Number of dead mice within 4 days.
exposed to P . haemolytica typing sera, no reactions were observed.
Mouse pathogenicity. The results of the mouse inoculation studies were as follows: all 10 mice inoculated intraperitoneally with strain 5pmtA died, whereas 3 of 4 mice inoculated intranasally with strain 5pmtA died. Moderate to high numbers of strain SpmtA were recovered from the livers and lungs of all mice inoculated intraperitoneally, whereas brain cultures from animals that died from intranasal inoculation yielded IPHP in low numbers. Smears of brains from mice that were inoculated intraperitoneally contained rods which appeared to have capsules when they were stained with Wright stain. Liver and heart cultures from the three mice which died after intranasal inoculation produced IPHP in moderate numbers. No mouse inoculated with a Formalinized culture died in any of the tests. Mice similarly inoculated with another strain (strain 90-23-79n) suffered only temporary illness. An attempt to determine the 50% lethal dose of strain 5pmtA when it was inoculated intraperitoneally gave the results shown in Table 8 . The 50% lethal dose for IPHP was approximately 3.5 x lo8 bacteria inoculated intraperitoneally, as determined by the method of Reed and Muench (21) .
DNA base compositions. The G+C contents of the DNAs of the two strains examined (strains 5pmtA and 90-23-79n) were 46.90 5 0. 20 and 46.54 +. 0.06 mol%, respectively. These values were based on three determinations for each strain.
Fermentation products. The fermentation end products detected by gas chromatographic analyses of the glucose broth cultures were acetic, propionic , lactic, and succinic acids.
DISCUSSION
Nonenteric, nonmotile, fermentative, gramnegative rods are candidates for membership mainly in three genera (viz., Haemophilus, Pasteurefla, and Actinobacillus). The qualifications for membership in the genus Haemophilus are certain growth factor requirements, which the organisms which we studied lack. The genus Actinobacillus was ruled out by the criteria of urease activity and absence of indole production (Table 1) . Therefore, it is evident that the genus Pasteurefla best suits the bacterium studied. The range of G+C values reported for Pasteurella species by Flossmann et al. (10) includes the values determined for two strains of IPHP, and the products of fermentation in the isolates which we studied are identical to those of known strains of P . haemolytica and P . multocida (Table 4).
A comparison of the IPHP with the existing species of Pasteurefla revealed the following striking similarities with P. haernolytica (Tables 1 and 4): hemolytic activity on blood agar, pgalactosidase activity in some biovars, ability of most strains (78.9%) to grow on MacConkey agar, and some common fermentation patterns. Most reminiscent of P . haemolytica pertaining to the latter is the apparent mutual exclusiveness of arabinose fermentation and trehalose fermentation, which, in true members of P . haemolytica, forms the basis for recognition of biovars A and T. With biovar A of P. haemolytica, however, arabinose fermentation usually is associated with xylose fermentation and rules out salicin fermentation. In contrast, type T strains typically do not acidify xylose but do ferment salicin in addition to trehalose. No such correlations appear to apply to IPHP.
The most significant difference between P . haemolytica and the IPHP is the consistent production of indole by the latter, an activity that has been observed only once in a confirmed strain of P. haemolytica (1). Mraz (18) has described an indole-forming variant of P. haernolytica of bovine origin which differs, however, in a number of aspects from the tortoise isolates. In several fermentation tests, particularly those involving sucrose, mannitol, inositol, trehalose, lactose, and especially glycerol, the bulk of the strains described by Mraz exhibited activity which contrasted with that of IPHP. Furthermore, unlike our results, the results of Mraz showed serological relationships between established P . haemolytica strains and his indole-positive cultures, and his G+C values (average, 40.3 mol%) were much closer to the G+C value of P . haemolytica (40.7 mol%) than the G+C values obtained from tortoise isolates (average, 46.72 mol%). Finally, his cultures apparently had no effect on mice, whereas some of our On: Thu, 03 Jan 2019 02:45:39 VOL. 32, 1982 strains caused fatal infections when they were given in high numbers and observable illness when they were given in lower concentrations. All of these differences and the origins of the strains rule out any possible identity of the two groups of indole-positive hemolytic organisms.
Apart from indole production, the following characteristics separate IPHP from P . haemolytica: inconsistency with regard to growth on MacConkey agar, uniform inability to ferment glycerol and usually mannitol; and untypability in P . haemolytica typing serum. Our organism differs from P . multocida and P . pneumotropica in that it is hemolytic and includes a large majority of strains which are capable of growing on MacConkey agar. The last criterion also separates IPHP from P . ureae, as does indole production. The G+C value of IPHP, although somewhat high, is within the range of values for existing species of Pasteurella (10) and rules out membership of IPHP in the genus Aeromonas (24) .
Therefore the organism described here as IPHP represents a new kind of Pasteurella, for which we propose species status under the name Pasteurella testudinis sp.nov. (tes.tu.di.nis. L. noun testudo tortoise; L. gen. noun testudinis of the tortoise).
Description of Pasteurella testudinis sp. nov. Cell characteristics: gram-negative, nonmotile, nonsporeforming, pleomorphic rods, 0.2 by 1.5 to 2.0 pm; the majority of the strains appear to possess capsule-like surface layers.
Surface colonies on sheep blood agar are white, mucoid, and approximately 0.5 to 1.0 mm in diameter after 24 to 48 h of incubation at 37 or 20°C; colonies on sheep blood agar regularly produce a beta-hemolytic zone.
Atmospheric requirements: facultatively anaerobic; extra CO2 not required for growth in air.
Biochemical reactivity: chemoorganotrophic; the various carbohydrates fermented are listed in Tables 3 and 5 .
Fermentation end products from glucose: acetic, propionic, lactic, and succinic acids are produced; gas is not produced.
G+C content of DNA: 46.7 5 0.2 mol% (CsCl gradient separation).
Serology: possibility of serovars, as evidenced by the close serological relatedness of 5 of 13 strains in direct tube agglutination tests. The similarity among these five strains appears to be a result of related somatic antigens. Heatextractable surface antigens are suggested by agglutination and IHA reactions.
Sources: so far, isolated from pneumonic lesions, abscesses, and gastrointestinal tracts of California desert tortoises.
Pathogenicity: associated with multifocal bronchopneumonia in California desert tortoises. The disease is not highly contagious under experimental conditions, and the bacterium appears to be commensal in healthy free-ranging tortoises. Some strains are pathogenic for mice when inoculated intraperitoneally or intranasallY. Type strain: 90-23-79n (= ATCC 33688). The description of the type strain is the same as that for the species.
